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(mm 

[§«Ai#] .... 



0 2 

16 m ■ 
650,000 m 

.1. .fiSfAi- aAH.Ai(£2 )_1 



0 

621,000 §! 
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#o]^o)) ^tb .^ o.s;,: ^^H^ &s.^ sjojsjl- -1200 1: ^H^*! ■-■ 

#31 l^eltb ^f, 8bO°C <?1^ ^rH^M ^-.#^^5](RTA : rapid thermal anfiealing) J 

^S-S,^ ^^S<5]5. ^£ ti>£^ll 4J):o];5j!- .-^W 

' ' ■■■s. 2/ . .' - •:. - ■ ■ . : . '; ' . ..... . ' '■■ . 

m°\o]i - - ' , .- •■* ' - . 
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*m ffi^f &S.$ ^ 31 ^-*fl a>£^]- #o]-5f| {Thermal t ^ 

* -*^^<* ^treatment of semiconductor wafer and semi conductor %afer fabricated by the* thermal'^^i-fa 
^ "^mez- tEeatment } ' • ' • -•" •• ■ . • , , ; 

- '[feiggj ' ' "* ' ' ' . .'' • .. - . ■ 

. ' Sl -la^r ^ ^ -r4^-$-S ; . ' - 

V ^JL, 1000 °C Jl^r^]A-l A]^ ^o> <g^e|t!- ^ 4# . . . 

XRT(X-ray topography)-!- >l-g-^}^ ^-^tl: A>^lolr^. . . . • 

• . . < . £ Ib^r FTIR*. ^-g-^}^ ~4 u o v *^S. ^,^4 ^^51>r# ^ . : 

<4> ti>S.^ i*Hl •*Ha*8 i lH ^S, cl^- ^l*>7ll • 

<5> ^o>^o.^ ^e)^- aflSSVfe- £.3. ^3.-^*3 ^(floating zone : FZ) 

^ iExr SS^^ CCzochralski : CZ, czb}- H <H^ *}-§-sH 

• 21-4 ' 
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<6> CZ HJ-^^fe S7KH rf^^ ^sl€-^ °T-g- Jp<£ 

<7> CZ «o^^ £7H» ^-§-^.2.5.^ ^4*}?) • 

^•■M, f^T 10 17 ~10 18 7fl/cnfSl a>4i7> Ir^l-S -fr^^r 3Mt}. o] e^V 

• • :'• ■ ' . . ' 

. o> • ^, ^1 ^l^ssq- ^ #31 ^ °)1 ^ ^ ^£7] 4-7] si «H <4*IH, ^ 

^^■Q-#ol ^g-^g (vacancy type)-£.S. ^fltN , ^*}# (intersti tial type)°- 

<io> ^ <a^>l-ol ic^t!: ^4, V.V. Voronkov^ fe^- (Journal of Crystal 

Growth V59, (1982), 625HH^, < a«>^ < ?l IH!^ -2.°fli°ll5. ^ 

(OSF ring)^ vfl«-^^o]l^ Hflol^A)7> ^t!: (vacancy-rich type) 
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^ ^ f-& °] , OSF ^ ^t}" (interstitial 

' • -rich type) 3 ^W 0 1 ^2. tbi=Kr ?A£ &%SL^ ; °1 nfl , OSF ^ «KE.*fl idi*> 
' M .^^H Wg- >Hr 3^5. "gsM. Sl^. ^2.^./ ^^^ OSF ^ej-s 

^H^fe 3 # 34 «>£^. ^>^ s-^ofl .^o. cji]^ ^o]l cflgflA^ 

<M> ' ^L&IM- ^'l't ' ^ ^^3" M 6 ))^ >4 ^.^-gr^Cgrown-in) - 

' '°} ^^^.4 ^ 

7l^r7l £-5L(G)£] «l-§- f i|f£S4 fft ^^i ^SRr iJLSl^cf 

<i2> ' ; ilisl^ ^l -gv ^ ^ £r ^cf. Growerifl><H] €r^Kr 

^ (Hot -zone ) ?27f ^ g#4 ^^£)<H^7ll =14. ^ 4 ' 

5^ €^ vsW v/G^^l ^s^l ^c]-, 

1000°C^£^ jl^r^i l^s) XRTS. ^sj-ojcf. 6] ^.nH^ 

7\\ 0ISF *y<*l ^sjo^i^ q-^q-^l £.3 <£! . 
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- ,; c)VbJ «r^*Hl OSF^^r 3^ ^ ^ ^ ^-*r-3. 

•» ^H^l ^4H3°l' *flO- ^^Cf. ^, ^H5£] ^Aj-Aj 

^^-1:* ^]^^>7l 7]^*)- TflE^ ^-g: ^^}7] 7l^# ^ ifs. 
^g^-S. 7fl^><^ A>-g- ^ 
• <15> aflTjSr ^<HH ^^Tfl ^H^Rr 

7l#(^^o]^- ^£ 71^ ^ GSJt 7fl^# ^tb ^ 7-2: 7fl^7l^* 7|#j 

■I: °lHg-*}£^, 7flEl*g #3*7} ^^.t!: ^-f , ^ TflE-l^ (external . 
gettering) "<H1^8r 

<16> ^, xtj.^ ^ai ^-s^EKwet blaster) ..#5} ^41 

(poly - backseal) ^-§- ^7>^-fe <2]^- TflEi^ A>-g-^> 7 l£ *}*l^r, o) 

7^-f ^i ^ ohi ^3 -a- 71-^1-71^ ^ ^^ofl 4^ ^oi3|7> ^ -g-*n$r *n 

OlS] ^l^Wl-g-ol c-^ El #7>^ S-^^-g; 7H^ 

9X*]t£, 4i7.>2l aH^o] o.2//m 6l^>o] sn.Hl jioflu]^ 
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• o^. ^nuclei ^i^^o] 7}^ °H V ^ 

<19> <^ti>^o. s -Me)^ ^^4- $-®*t C l1^251'W 'S .7lv(l rt]V 

' v :(bahd)-&^l t4^uJ--711 ^rf . o] &) ^ ^ u\%o] i i a ofl JEA^o] <^t\„ ' 

<20> £ lafe ^^1^ M%'%& #3 ^- ^^«o v ^S. -z\Bj1 

, 1000°C JI^H ^ ^l^^ 1*1 3^: ^, 71^-* XRT(X-ray 

topography)!- 0 l-§-sH ^H^k - - 

<21> 5. Ibxr FTIR* ol-g-^o^ ^H^l tijyg ^feS^ ^ ^*r 0 H , 

Jc^te ^Vi^S.* ' ppmaCriew: ASTM 7T#> .°T 4, XRT ^.4^ ■ 

. ^# ^E^l nq-s^-^i X-ray ^^ ^£7> ^Til uj-^q-^ <^l-§-t!: 
<22>. £ i a o1] h}<2}- ^-c] \ <*| &) 7r *l n^s-o] ^^^c-fl, ^. 

0SF ring-4 CS. SX|:g <g<* o. ±.x}S>] ^ofl'-g. s^V ofl o. ^.g^ 

BMD^ nfl-f ^-o]^- ^.^o.s ^ 

<23> •• B, C Jl^S^ .BMD* ^^Rr ^J^: -8- °1 ^ °1 ^ & B, • « 
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.'C^'eH^- S?i # (thermal hi story H 

- ■ -rifl-ol^A] #a|iE^ (vacancy clustef)^^^^ : °] 

<24> =L^&91 ^T^Rr y o V ^^r °] ^ ^ OSF ^ # # 

' ... ' &k ^X\?\*\ *\}7]*t^ ^Alofl oiE^El^ #e^B] (interstitial 

v,'. cluster)^ ^^S, ^ 'i^ ^ (LDP : large disloc at ion -particle)7> tHM*1 - 

.'-■&=■ ^ ^ # 4^ °1 #3 ^ ^ SI e 

<25> ZLSm o]2\i£ 7]^!-^: ^ 7] # *J <?1 <^ 3} -g-* 9l ^ , ^tr OSF ^ 

^5] ^lSHl\§-^ ^ 7 ># s]s>7l ^«fl OSF ^-3: ^SRir ?H ^tfl3. OSF ^ 

'-f-*H ^-^^ Str -H^Si^f BMD# H^l^ 

<26> -IS] Uj-, O] OSF ^-ir 7>^>E)S. W^r*! 47l^M W 

[Gi]7> ^3*»fl #7>5)^ B, C# ^*<^^ "SM ^>H5f, ^H*) ^l^S A 

' 3V ZL3.£°1 X\]?\i5}^ %°-5L, 

BMD ^g^l^ o^-g-o} . ' 

<27> ^^0.5. *K£*ll 4l7>7> Jl^^S)-.Sl<^^on tt)-e}- ^^l:^7l^O.S ^fc^l^ 
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7i^ '^M^^^^ "nfl o. ^sfl^jL ^l* *N ^7} 

<28> * ^ ^4 ^H*f ^¥ ^*Kr «o v ^m. °1 "o 1 "^ 

-f-S}-^ ¥<£H 7l<?l€ ^ SU^ ^^(GOP : crystal 

originated particle, . °l^r COP's}- *H})£r ^ ZiS.^ ^S^r 7}±t 

^ wl<^c](BMD : bulk micro-defect, °l^r BMD&h ^W-) ^^^f^ 

*l-g-°l ^^fltr ^^-i: 7\^]JL 5tH=r. . . . . 

<29> Jf w}*)] w 0 v^^ MEMC^ Faulster 4°] ^Str ^^-^-S.^, <£°\°\ S£ °- 

S ^lS^ .^^ ^H^Hl tflsfl l^eKRTA : rapid thermal anneal ing, 

RTA2} ^4)^-°^ <i^sl^H ^ ^ *1 ^1-1: 4^*^ 

^11 0] 5^) ^O.j=J|LEi Qo] 6\) BMD» ^ 91^ ^ ^ # 

<30> zieiM- ol ti^oflA^ ji-g: RTA -^-g: °l-g-s>7l nfl^-ofl <i3 ^(thermal 

damageHl ^ ^i^Cslip dislocation^ ^sM, ^fj 

^*H1 ^l^^^l ^-^^ l^lfe- ^-^l^o] ojcf. g:^ j7£- rta 60s 
^ ^1^^> ^^^17) nfl-M ±*}2] c$o3 ^ofl ^ ^o> u>E.o^ ^ 
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<3i> Afl tgjty « 0 v^£- <y<a]<i] ^ ^ O.S. ' ^°fl 

^.^iKepitaxial) ^#.4.^ ^i*r^ ^%~ir ^-J^f^r W£ : zl&)x+ - 

4^ ^B^l &-^> 6))3I]b»^ ^ '^^-"^.3^Al^o> ^ ^l^ol &t}. . 
<32> i&th J£ai€ ^3 . .^<Hlt tflsajo.^. 4- 7>^1 « 0 >^ o] ojtj-.. . . . 

<33> .• ^ a}*! « 0 V^^, ^ ^#5.(vertical diffusion furnace)* °]-§^H 1200X3 ^ 

£2] ji^o]}^ ^ ^7}s. <t*^SM ^5L££ *M*K=- .U-^olJi, ¥ # 

4 U-^.-^r ^lSl; RTA*". <?]-§-SM 1250°C. ^£^ JH^H l4i^>]-s^. - 

^7H^ l^e^H 4?Wr ^ojcf. 

<34>. ... % ig-ig<q ^f, 4^1:^1 ^TH^r Jl^]- . ^, ZL^£ 

3 BMD» ^ M-Bf^cf. ^j, ^ ^ ^7lolH 1*13-1- 

*HPl3J| S^ofl 313:^ Bfl^C terrace) n 2 -^]- ^3^1, oil- S.^ ^^l 

^ 7i ^.(micro-roughness)^ e ^^=* ^1 ©liLtJ- e cg^o} ^ 

7] (macro-roughness)^^- <31h§r # ^r^^cf. 
<35> ^ w}*fl « 0 ngo] ^o., JL^i^l BMD« ^*Kr -g-ol^l^, ^ ^z^*^ 

°l-g-^ RTA^ 1000 1 Ji^r^At <i^&]# ^J-ofl 7l<?l 

•' £U ^(slip dislocation)7> ^H^Kr 9X3., ^(warp) ^i 1 

^&l^(bow)ol *HJ*Rr ^ ^^-g-ol 5ao.nl, *l*l*Rr *l*ltfi 

<q. Afls. aVo]^ ^^o^ 71^1^ (mechanical damage )<=>] *Hr 
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<=H1 €^Rr BMD71: S-nHojiL Jl#^ ^H^o} ^S^* : ^l^Rr 31 &tj.. 

<37> >y-7l^ JZ-aj-g- ^r^}7) $\-s}<$, ig*24*\i= 0SF 

<38> ol^> ( M^oH ttHg- I^Ell- ^ *KE*fl SlH^ *flS«<HH 

<39> ^. ^ oj^ol Jl#^^ ^ol^^- ^^1-71 ^*fl 7}^ ^H^HH ^-^1 

7]- sq&'S ^H, 7\]b\^ (getter ing) ^-M^l ^ 

BMD €^ ^°-3- ^^*]?}JLX} 

<40> ^ Al ZLS^r^l #^2} A^T^ilS. ^1 «fl <*| ^ 

(thermal hot zone)°11 3.711 ^^t!:^-. 
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<4i> ^, a£^J ^#7l^o.S 91^ t&W^ ^ 7}*1 inj-fe. 

A' €4^ • ^^fe ^ >8:£ 71*7] £^<2}- ^ 

<42> ~ ~~ ^oflA^ OSF "°J*<>V^>^"'^^ 

5L.BMD ^ Ql -g-o]^- cg<*oi B> c cg<*oj ^e)^- ^^>7l ^*fl 4' 

^4 ^ w 0 vi£ ^^-i- ^^-A)^1rf. 

.*34- mMMl #s]^ -g-S-^ y^^^^fe <9*<>1 3*Rr ^ 

^£ 7]*7l g-5L7V <><J*3} #^^-oflAi - 7l-#*>e]*l.*l <M4t1] -fr44 

4 §4. ' . v ■ 

<44> <>1 5-1 tr "o V ^ , OSF ^ <?1 ^ ^ ^"cHN 3 ! °fl 4 4^43 ^ o.. 
X^-SH '^^.COP^r ^ -^L-S. 3.7}7\ nH4 3]- 711 ^€4. ^4j1,;" 

«1M€*1 '#^Bi$r ^^-ol nl^ ^%#^ol #^11 : 

JL^S. BMD ^°1 --g-o}^ <g-^oi"B f . C <3^H 31 4^4 20% ifl*l 90%* r 4 

^4^ 4-§-, ^^M: ^4°1^*H ^H^l -MS. ^cf. 

<45> 3E 2^" 44 ^e)^- ^1 Ol 3^ C^^^A] , C}6\] _£A]S} Ul-S). ^ 

B, C PJ^^I ^t)-. 

<46> cf^-, ^-71 $ « c >^ <L3. *112:€ ^l^Sl7> ZL^.^<?] ^4 ^ Ir^l-o] ^X\6\] ^ 

71 € -r-'^f-f 1 (defect free layer )^- 7>xlHs. ^ eqgfl, ^^j -^§4 ^ RTA 
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.. - BMD ^^^n , PH tfltV ^Mlt.V £4. 

. <47> ^ojs]-!-. 1200 "C,oi^ 3.^611 xi 20^-^*1 3*1 & ^^e]^, o]-a- icj-^] 

' 1-*^ >>^^ .^7}^ ^7lS.5^ °1 Pfl 

^ 7}^£] -B-.^^r 2 slm yfl*l 50 slm ^^M^, ^7}i &$7}<£ 3.-<M)*r £^7>i'<q 
i-*. ' fr^-a- 2'slm/ifl^ 50 slm -L^\ JL, %^\^\ ^ ■8tS.V}x\$) ^ 

>:'. JEfe 5°C/£- 4*1 100 r/^- 1^1 ^ '^^Hfe-St/f^*! ;- 

' • 100°C/-S: »3^5L ' ■ • , ; . ■ 

. <48> ' t}^, lig-Tfl ^^sl-SV ^ o] 311- 800°G c»l -£3E<*IH RTA ^-^-S. 1*1 2} 

• '7>>s2]-. ^#71-4, 7^^ ^^7}^ ^ ^ 7l"S 5}^ 

<49>- ^"71 W}^' ^ l^Tfl-. <S^e) *1 2#7)1 ^^Sll- 7-1^, ZLS^r^l z\]t] 

' ElJl, o]^- BMD7> ^ *^«: 6 1 ^171^^5. %°1 

<50> olsf ^-o] %■<>) ^ols] ^-ofl 1^ tfl*] 20jmi -^1^1 <WiM 

<5i> /$ 7 m ^-oi , ^. m}^^ ^ *i osf ^-a- ^ 

^^ofl^ 7>^]-e)s #^1 fflfltflo] C0PS1- 4^ azl-l- nfl-f ^>ZL 
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"<52>. cj.^. -^h, ^. ^tgofl^^ B ~ c "Y^i-s^ ^hsm- 

<53> ^£^11 <I^Ei ^^Mfe- 800°C tilS^^ 

- ^r^i 3 5}£S , 1000 TC °1 ^ 3 ^ <>1H tH9.S>83 ^ 
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[3^*8- i] \ " ■' . " ' ■ "/ • - ; - • :~ - - 

i2oo °c ^s^Mi^l ^, soo°c °is><£j ^£<hi 

*\ ^^B](RTA : rapid thermal anneal ing^^S. 2^] 1^3^ ^K 1 -^- 

^7) l#7fl <a^B^ 20-g- tfl^l 3^1^ >^}^ ^*$o_3. ^ ^-£^1 
3] • 

^i i 2^ ^12 w i^i 

^h, lr#^" 7>i, 7].^^ it7}i, 7 r i^ £^-7 r 

I^^J- 4] 

^ 3 5^1, 

^- 7 ] &#s$ 7 ].^o] 2 slm 4*1 50 slm ^l^L, #7l ^7}i<^ 2 

slm 4*1 50 slm tl ^ ^hE*)! SlM^ ^wj 
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5] ; ; 

•»•> . #7] l#7]] ^s^Kr ^4"^^ ^H^^xr ' 5*C7-S- '^1 100^/^olJil, i 

.^4 <g^s]" ^zf^i^ 5t7^ ifl^l-lOOt/^ ^"'^^■•'W 6 !^ 

' : 7] ' . ■ . . - ; _ 

^y-7i av^i ^oi3)^ ^ ei^ ^ ^ <i*i 

' el ' ' ' ' • . ■ - ; 

8] . " . 

1*1 2j ^ ^^JEE^ ^ lEf [0i]7> #3*1-711 ^7l-S]ir S}- 
^-Al^lS^- *LK£;*I1 °o r ^-* *fl^Hr #31 2}-; 

#71 ti>£^l <3*-g- ^M-SSH *)Msjs ^l^-tm #31^; 

#7j ?fl°l3j« 1200 *C ©ltfsl ^r£oll^ 1^31 l*]^ ^, 800 °C °l*r^) ^r^H 
^l^slCRTA : rapid thermal anneal ing)^^^-^. 2^) l^s}^ ^-Tfl 
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9] / ' ' 

.'iM #^E<4. ^ ^Ef [0i]7> ^-^ §>7fl §7>£m ^ o] J£ 

^h^- «ke*ii ^SA^M 4^sH, ' ■ 

^-Stl HS--Sr^l(grown-in) ^-#^>1 ^l^SlJl ufl-^-oj] B MD(bulk' 
micro-defect) 7]- '^^M, S^S^-E) 4^a<5)S ^Iff °1 . 
.[^W 101. . : ; . . ; 

4 o] S] z\7$ <>\ 20% VH*1 90%7}*1 ^# ^ wV£*)l ^ol^. 

11] , • ' 

*fl 9 &<>H, 

#71 ^f-f^r 3.t££.3-^k] I0w 100/mi^ ^4 ^'o-S. 

12] • 
*ll 9 vfl*l 4 11 ^ °]±=- SU 6 !^, 
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#7] tiVE^l 3M*lfe 1200 °C Q )^2] 'SSl^M %^~&{&$-, 800 °C o)rs\o] 

■ £2/4*1" ^-^^ C(RTA : rapid' thermal aririeal ing)^^3.. 2^71] I^b^ 3-8: 

*H9 tfl^l 11 ^ %hi saoH, . ' ■ ■ . 

.[^^14] ; ■ . • ■ 

OSF ti>£^l ## *§r #^=£] ^^HH 7>#*}el5. wi>^A-l ^H)^, ^ 

7] #^;E<2}- I^E} ^.#dL^JE^'.*Hl W [0i]7> ^o^l ^7>£)tt <3<*o) ^# 

i&E*!). <%3:lLS.!f-K\ 
• *«fl =LS.£-91 *\]7]S\51 ifl^l BMD7> $#SW, &t£<L3,¥-K\ 

<8^£M. . 

ofl 11 (epitaxial) ofl^^^i 3Hs]. 

[^U- 15] 

14 *J-°fl &<>H, 

16] 

afl 14 ^ SE^r ^1 15 ^1 SW-M, 
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' #7l ^H^fe 20^- vflx] 3*1# V&A' 4V 2£- o) 
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I ; | ..i j. j J, s| d H si- d id:nl id tat d '.id id-- 



Zul < 3j 2Ej . M !7l 2S( 2d 3d 
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[51 3] 

Wafer. Edge 



Wafer Center 



Wafer Edge: 



B Region : ' 



C. Region 



C Region 



B Region' 



D.^eg 
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D Region 
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